The dynamics of an impurity ion of charge q 0 embedded in a two-component ionic plasma is represented as that of a particle in a random medium. The effect of the surroundings on the impurity is represented by a memory function whose form is proposed in this work. Our choice stands for the strongly coupled plasma for which the memory function has an oscillatory behavior with the plasma frequency. The model therefore describes the plasma in the strong coupling limit. We first derive a master equation governed by this memory function and, with the help of the Laplace transform, we solve it via a quartic algebraic equation. We calculate in the end the dynamical properties, i.e. the autocorrelation functions which are very useful in many areas of plasma physics as in radiative transport and in spectral line shape broadening theories.
Introduction
Equilibrium autocorrelation functions are of great importance in the evaluation of the relaxation time in many problems of physics [1] [2] [3] . This time represents the duration of the memory effect on the process under investigation [4] [5] [6] [7] . In order to take into account the effect of an observable A on an observable B, we must know the ratio between the relaxation times of the equilibrium autocorrelation functions (AA) and (BB). This ratio will then help in telling us what model is a good candidate for representing the process. The calculation of equilibrium autocorrelation functions is based on the master equation [8] . The latter depends on the memory function M (t) [9] which plays an important role in the elaboration of the model. By using an appropriate memory function, we present in this work a model for calculating equilibrium autocorrelation functions relating to the electric microfield and to the velocity of an ion which is valid for the case of a strongly coupled plasma.
The model
The system considered here is an impurity ion of mass m 0 and charge q 0 in equilibrum with a fully ionized plasma of structureless point ions. The equilibrum autocorrelation functions of the electric field and the velocity are defined, respectively, by [9] * corresponding author; e-mail: mewalid@yahoo.com
where the brackets . . . denote an equilibrium Gibbs ensemble average (the canonical one here), and V 0 is the impurity ion velocity. The correlation function C(t) measures the fluctuation in a collective property of the two-component ionic plasma (TCIP) [8] , while D(t) measures the fluctuation in a property of the impurity ion. Besides, these are directly related via the first Newton law by
with ω
and the function D(t) is given by the master equation
The initial conditions on D(t) are
and
where β = 1/k B T andĖ means the time derivative of E(t) at t = 0. Equation (5) describes the impurity ion dynamics as oscillations in a viscoelastic medium,
where the characteristic frequency is ω 0 and shows a frequency dependent damping given by the Fourier transform of M (t). All many-body effects of the medium on the impurity that are not explicit in (5) are contained in the detailed form of M (t). Our fundamental assumption here is that it is sufficient to include only the magnitude of this function through its exact initial value M (0) = M 0 . Furthermore, this function M (t) must take into account of plasma oscillation and the damping through two time scales
p the inverse of plasma frequency) and λ −1 . Making use of the results presented in [10] (Eq. (30)), we assume the following form of M (t): [8, 10] :
The Laplace transform of Eq. (5) gives
Using the previous initial conditions of D(t), we find that the solution of (11) can be expressed as
where M (z) is the Laplace transform of the memory function M (t) given as
At the end, we find that the parameter Ω satisfies [8, 10] :
and that the velocity autocorrelation function transform is
Equations (5)- (7) and (9) define the approximate model for D(t) and, through Eq. (3), the electric field autocorrelation function. Furthermore, the exact time integrals of C(t) and D(t) are insured through (5) and (8) . The input data ω 0 , ω 1 , and D might be taken directly from computer simulation or by an other suitable model.
It is then straightforward to solve (5) by a Laplace transformation, yielding D(t) and C(t) as the sum of four exponentials
where the coefficients D i and C i are given by
and the {z i } are solutions of the quartic equation (Appendix)
Depending on the values of λ, ω 0 , and ω 1 , the solutions may be either real or complex. In principle, this theoretical analysis applies for arbitrary interaction potentials and plasma composition. We intended that this work is of great interest and should provide a very powerful tool to investigate many dynamic properties and transport phenomena in ionized media such as a plasma and electrolytic solutions. Note that the electric autocorrelation function C(t) in Eq. (18) satisfies the initial conditions C(0) = 1,Ċ(0) = 0, the same being true for D(t) as shown in Fig. 1 for the indicated parameters.
Discussion
In this paper we have presented a theoretical model for dynamical correlation functions in a two-component plasma. The implementation of the plasma oscillations is achieved by a proposed form of the memory function. The oscillation modes are calculated by solving a quartic algebraic equation. The solutions are complex (two conjugates of two) except in the limit of high temperatures (then the solutions become real and no oscillations in the correlation function are observed) where the model must be dropped in favor of more adequate models [8] .
Appendix: The solution of the fourth-order algebraic equation
The solution of the fourth-order algebraic equation 
